As alternatives to the old organochlorine pesticides and natural pyrethrin in tobacco protection, pyrethroid pesticides are of great interest due to their broad spectrum of pesticidal activity and environmental properties, such as relatively shorter persistence and lower toxicity to mammals. 1 Nevertheless, many countries have introduced maximum limits for pyrethroid residues to prevent excessive treatment of tobaccos. Conventionally, pyrethroid residues were determined by GC/ECD and HPLC methods and a lot of experiments have been carried out in different plant materials. [2] [3] [4] [5] [6] Unfortunately, these analytical techniques are laborious and time-consuming because they all need suitable clean-up and concentration steps using liquid-liquid extraction or solid phase extraction before GC or HPLC analysis, and also they require large quantities of expensive and toxic organic solvents that may do harm to the environment.
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Our interest was aimed on the determination of pyrethroid residues in flue-cured tobacco through a simple, rapid and green approach, thereby saving substantive time and labor and not employing any organic solvent. In this paper, a new procedure based on SPME for the determination of four pyrethroids (fenpropathrin, cyfluthrin, cypermethrin and fenvalerate) by GC/MS is reported. Given the solubility of target analytes and the significance of environment protection, water was chosen as an extracting solvent in ultrasonic assisted extraction procedure. As an extracting solvent, the amount of water used is very large compared with the trace amount of the analytes. Furthermore, water with a high dielectric constant has an ability to absorb ultrasonic energy and make the temperature increase. The target analytes with trace concentration in the sample matrix will diffuse and be soluble to water. The whole sampling process, only including an ultrasonic assisted extraction step and a solid phase microextraction step, took less than 15 min. Using GC/MS in selected ion monitoring mode, it was found that the limits of detection can be as low as 9.2 ng/g for some pyrethroid, such as fenpropathrin, in the fortified samples made by adding pyrethroids into tobacco samples known to be without pyrethroids.
Experimental

Regent and materials
Hexane (Analytica, Shanghai Reagent Company, China) and pyrethroids (Analytica, Sigma) were used in the experiment. A ZMQS 5000Y (Millipore, France) water purification system was used to provide deionized water with a conductivity of 18.2 MΩ cm. Pyrethroid stock standard solution (100 µg/ml in hexane) was stored in the dark at 4˚C. All the pyrethroids were A rapid and simple sampling approach using solid phase microextraction (SPME) for pyrethroid residues analysis in fluecured tobacco was studied. The fibers coated with poly-dimethylsiloxane (PDMS) at 100 µm thickness were chosen. Extraction time of 180 s, desorption time of 120 s and desorption temperature of 280˚C were selected. The whole sampling process, only including an ultrasonic assisted extraction step and a solid phase microextraction step, can be completed within 15 min. The associated SPME and ultrasonic assisted extraction using water as extracting solvent shows good results for tobacco pyrethroid residues determination. Results indicated that four pyrethroids can be determined simultaneously, and the limits of detection are below 35 ng g -1 using GC/MS in selected ion monitoring (SIM) mode. The reproducibility of the technique is found to be better than 11.8% RSD. 
Ultrasonic assisted extraction procedure
All ultrasonic assisted extractions were performed with an 870036 ultrasonic instrument (Shanghai Ultrasonic Instrument, China), the power of which is 80 W. A 0.2 g portion of the ground tobacco was accurately weighed and placed in a 40 ml glass vial. After 25 ml of deionized water was added, the vial was capped, placed in an ultrasonic bath, which contains water at ambient temperature, and sonicated for 10 min. After extraction, the supernatant was filtered with middle-speed filter paper into a 25 ml volumetric flask for SPME extraction.
Solid phase microextraction procedure
Due to their non-polar properties, pyrethroids prefer to partition more readily into a non-polar fiber than a polar one, and also a thicker coating helps to improve the sensitivity of the method. 18 A commercial holder and a commercial fiber (100 µm PDMS) were used (Supelco, Bellefonte, PA, USA). The fiber was conditioned under helium in the heated inlet of the GC at 280˚C for 30 min prior to use. The SPME procedure includes two steps. At first, the SPME needle penetrated the septum of the sample vial and the fiber was lowered into the solution and sonicated for 180 s. After that, the fiber was desorbed at 280˚C in the GC injection port for 2 min for analysis immediately.
GC/MS analysis
The GC/MS system consists of a Trace GC2000 (Thermo Finnigan, USA) and a Trace MS detector (Thermo Finnigan, USA). A CP-Sil 8CB column (30 m × 0.25 mm i.d., 0.25 µm film thickness, VARIAN) was used. The carrier gas was helium at a flow of 1 ml/min and the splitless mode was employed. The temperature program used was as follows: 210˚C held for 10 min, 5˚C/min to 260˚C, 2˚C/min to 280˚C, held for 10 min. The transfer line and the ion source were set at 250˚C and 200˚C, respectively.
The MS worked in selected-ionmonitoring (SIM) mode and the electron impact energy was set at 70 eV. From the mass spectra of individual compounds, two characteristic fragments (Table 1) were identified and these were used for quantification purpose.
Qualitative analysis was carried out by comparing the retention time with the standards.
Quantitative data of pyrethroid residues were obtained using external calibration. The calibration curves were determined by analyzing solutions of pyrethroids (less than 2 µl) in deionized water (25 ml) over a convenient range after they were subjected to the overall treatment, i.e. ultrasonic assisted extraction, absorption, and desorption from the fiber mentioned above. The calibration curves were linear over the range 400 -8000 ng/l (80, 160, 400, 800, 1600, 2400, 4000, 8000 ng/l) for fenpropathrin and 400 -4000 ng/l (400, 800, 1600, 2400, 4000 ng/l) for cyfluthrin, cypermethrin and fenvalerate, respectively, with correlation coefficients in the range 0.990 -0.997.
Results and Discussion
Optimization of the SPME conditions
At first, SPME conditions were investigated with the solution of 4000 ng/l pyrethroids in the deionized water.
The time necessary to reach equilibrium is strongly dependent on the mixing technique and is related to the extraction efficiency. Different mixing techniques, including magnetic stirring, intrusive stirring, sonication, fiber vibration and fiber rotation, have been tested. [18] [19] [20] Of all these, sonication is the most efficient one and it was employed here. Experimentally, the extraction time was set ranging 30 -240 s. It is shown in Fig. 1 that the equilibrium times needed for four pyrethroids are 180, 120, 180 and 180 s, respectively. Therefore, an exposure time of 180 s was chosen for the measurement of pyrethroid residues in sample solution and it was enough for all these four pyrethroids to reach equilibrium.
Considering the boiling points of these five pyrethroids (≤ 300˚C) and the thickness of the SPME fiber, the analytes can be desorbed effectively under a higher temperature and the analytes will desorbed more completely with a longer desorption time, but the analytes may be decomposed and also the fiber may be hurt under this circumstance. The desorption temperature and time were investigated at a range 250 -300˚C of temperature and 0.5 -3 min time periods. The results indicates that 280˚C of desorption temperature and 2 min of desorption time were enough for all pyrethroids to be desorbed completely, and no carryover of any pyrethroid was observed. As for the depth of injection, it was reported that the optimal position of the fiber tip in the injection port is at a 2 mm distance from the capillary 21 and we adopted this without further study.
During the ultrasonic assisted SPME, it must be pointed out that a light but obvious yellow color appeared gradually on the fiber after decades of extraction. Some irreversible absorption had taken place and it is quite necessary to replace the fiber after five decades of extraction of analyte in a complex sample solution such as tobacco.
Analysis of the pyrethroids in fortified tobacco samples
To check the validation of the method, we used fortified samples of flue-cured tobacco prepared by adding a certain volume of the mixed pyrethroid standard solution to a 0.2 g portion of ground tobacco known not to contain residues of the pyrethroids. In order for the pyrethroids to be absorbed on the tobacco and the fortified tobacco sample to more closely resemble natural commercial tobacco, the glass vial containing fortified tobacco sample was shaken to ensure even distribution of the pyrethroids and, after allowing the hexane to evaporate with the aid of a gentle stream of air, the tobacco was left at room temperature for at least 2 h before ultrasonic assisted extraction. The tobacco samples were then subjected to the overall treatment described in the experimental section. As an example, a chromatogram obtained by adding mixed pyrethroid standard solution (200 ng/g) is shown in Fig. 2 . The precision of the method was evaluated by five replicated determinations and the relative standard deviations of reproducibility (RSD) are 7.13 -12.2% as shown in Table 2 . Since the tobacco sample to be fortified is known not to contain residues of the pyrethroids, the recovery is defined as the ratio of apparent amount of pyrethroids, after going through the ultrasonic assisted extraction, SPME, and GC-MS process, to the pyrethroids amount added. It is shown in Table 2 that the recoveries of the four pyrethroids are from 80.3 to 96.4%. The limit of detection (LOD) is defined as the concentration of an analyte in a sample giving a peak with a signal-to-noise ratio of 3. LODs of fenpropathrin, cyfluthrin, cypermethrin and fenvalerate are 9.2, 21, 28 and 36 ng/g, respectively. Table 2 shows that, for an analyte with different concentrations in the same matrix, the recoveries are different and show a slight increasing tendency with the concentration. It may be due to the fact that the analyte is more inclined to be absorbed at higher concentration. One can also see that, even for the analytes with the same concentration in the same matrix, the recoveries of them are different. It is because the partition coefficients of these four pyrethroids are different. The partition coefficients from high to low are fenpropathrin, cypermethrin, cyfluthrin and fenvalerate, ordinarily. As shown, accordingly, the recoveries had a decreasing tendency inparallel to the partition coefficients.
Analysis of the pyrethroid residues in real tobacco samples
The method was found to be effective for simultaneous determination of the four pyrethroid residues. Therefore, eight flue-cured tobacco samples from three different producing areas were collected and tested. The quantitative results were calculated from the linear regression equations and calibrated by the moisture contents accordingly. The results are shown in Table 3 . As an example, a chromatogram of tobacco sample (PA102B2L) is shown in Fig. 3 . The results identify the different types of pyrethroid and the amounts used to treat the tobacco samples. Therefore, this ultrasonic assisted SPME process could be extended for residue-screening in the business of tobacco.
Conclusion
A simple, rapid and effective procedure was developed for simultaneous determination of four pyrethroid residues in fluecured tobacco through ultrasonic assisted extraction using water as an extracting solvent followed by SPME and GC/MS. The ultrasonic assisted SPME extraction in aqueous solution of tobacco shows better extraction efficiency and it only needs 180 s to reach equilibrium. The whole sampling process, including an ultrasonic assisted extraction step and a solid phase microextraction step, can be completed within 15 min. This 243 ANALYTICAL SCIENCES FEBRUARY 2006, VOL. 22 short time will considerably reduce the workload when testing large quantities of tobacco samples. In fact, the SPME-GC-MS procedure and data produced within the scope of this study should be considered as appropriate for quantitative measurement. Thus, one can also assume that this preferable method could be extended for the residues analysis of other pyrethroids and other pesticides in tobacco.
